The isomerization and metal chelation of spironaphthoxazine (SNO) in ethanol solutions have been investigated by measuring the UV-vis absorption spectra as a function of time.
Introduction
Many photochromic organic compounds have been found and widely investigated in various fields [1] . The color reaction of colorless molecules during UV irradiation can be applicable to light control glasses or materials.
Photochromism is also an important phenomenon to provide a photochemical technique for development of electronic devices such as photo-quantum switching and memory [1−6] . The photochromic phenomena are caused not only by the photo-isomerization of molecules, but also by the photoinduced metal chelation of organic ligands [7−13] . One needs to control the photoreaction and photochemical properties of the molecules in order to perform a fast and effective photochromism. Therefore, it is important to study the reaction mechanism and kinetics of such organic molecules in various solutions.
Spirooxazines exhibit the well-known photochromic reaction of photo-induced interconversion between the original colorless form and the colored merocyanine (MC) form [3, 6] . The MC easily coordinates to specific metal ions (e.g., Zn
2+
) in solution and forms fluorescent and non-fluorescent MC-M n+ complexes; the former is stable to heat and visible light while the latter is unstable [7, 8] .
We previously reported the details of the fluorescence and excitation spectra of spironaphthoxazine (SNO) in various solvents [14] . Two types of fluorescent intermediate species (X s and X h ) intervened between SNO and MC by cleavage of the spiro C−O bond, as
shown by Scheme 1 [15−17] . In low-polar solvents such as benzene, upon the excitation of SNO (E 1 ), the 390-nm fluorescence (F 1 ) was normally emitted from its excited state (SNO*).
In aprotic polar solvents such as acetonitrile, some of the SNO molecules were transformed into a non-planar, strongly solvated species (X s ). The transition from species X s to X s * (E 2 )
is followed by the 450-nm fluorescent emission (F 2 ). In protic polar solvents such as ethanol and water, some of the SNO molecules are normally excited to SNO* (E 1 ) to produce
Reaction in the dark
Changes in the UV-vis absorption spectra in the dark were investigated in order to examine the thermal influence on the SNO behavior in the ethanol solutions containing Al [14] . The species X h was immediately transformed into SNO or MC. However, the equilibrium constant of the reaction from SNO to MC is low at around room temperature. The concentration of MC was very low under the present condition. in Fig. 2 . The spectral band having peaks at around 300, 320 and 350 nm and a shoulder at around 370 nm originates from the naphthoxazine ring moiety of SNO [21−23] . In addition, the spectrum observed just after the preparation (at 0) exhibited a band at 530 nm assigned to the species protonated at the naphtholate part of the MC (MCH + ) [24, 25] . The band intensity at 530 nm increased and then decreased in the presence of Al
3+
. With this decrease, a band at 450 nm became evident due to the aluminum-chelation of MC.
Most of the aluminum ions are expected to be solvated in the ethanol solution and form Consequently, the spectra of the individual species were separated from the total absorption spectra. Fig. 4 -containing ethanol solution after a 48-h reaction.
The reaction constants at different temperatures were also obtained and the Arrhenius parameters for these reactions were estimated from the related plots as shown in Fig. 5 . The protonation and aluminum chelation of SNO easily proceeded under the present conditions. The chelation was assisted by the addition reaction of protons and subsequent ring-opening.
( Figs. 4 and 5) 
Reaction during UV irradiation
No spectral change was observed in the SNO solutions containing Mg 2+ or Zn 2+ even during UV irradiation, although metal chelation was observed in the aprotic polar solvents [7, 8, 18, 19] . This is because the hydrogen bonding to ethanol molecules prevents the chelation. In addition, the interaction of MC with Mg 2+ and Zn 2+ is weaker than with Al 3+ due to their lower electron affinity. 
This process can be regarded as a first-order reaction because the rate of the aluminum chelation is much faster than that of the ring-opening isomerization to form MC [7, 18] .
Consequently, the reaction rate constants of the reactions (1) 
Coordination number of aluminum
A single coordination complex was expected under the above conditions of the aluminum-chelation because the concentrations of Al 3+ were regarded as much higher than that of SNO. The aluminum ion possibly forms a multi-coordination complex, depending on the ligand concentration.
As is well-known, the aluminum ion reacts with 8-hydroxyquinoline to form a tris complex (Alq 3 ) through hexa-coordination [31−33] . The ligand/metal ratio can be estimated by a spectroscopic analysis of the "continuous variation method" [34−36] . The concentration of the MC-Al 3+ complex was estimated by measuring the absorption spectra of the SNO ethanol solutions with Al 3+ in different compositions of SNO and Al 3+ during the UV irradiation at 293 K. Fig. 8 shows the time course of the absorbance at 450 nm assigned to the aluminum complexes of MC. The highest absorbance value was obtained in the solution in which the molar ratio of SNO to Al 3+ was three after sufficient irradiation for the reaction. that the ratio of the ligand to all the complex components is 3/4, i.e., the ligand/metal ratio is 3/1 [36] . These results concluded that the three coordination complex is the most stable in the ethanol solution. This is reasonable because one aluminum ion can coordinate to three MC's through the oxygen and nitrogen atoms bonded to the naphthalene ring to form a hexa-coordination complex similar to Alq 3 .
(Figs. 8 and 9)
Conclusions
The isomerization and metal chelation of SNO were observed in an ethanol solution containing SNO and some kinds of metal ions in the dark and during UV irradiation. The dark and photochemical reaction kinetics were investigated by measuring the UV-vis absorption spectra as a function of time. SNO was gradually protonated and isomerized to form MCH + in the solutions containing SNO and Al 3+ in the dark. 
